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NBTL PROJECT P-360
ADBSTRACT

Several descalants that can be oafely Landled by non-techrical ships'
persamel were evalucted for chemical cleening or shipboard boilers. The
selected descelsnt must be & nom-toxic, water-soluble solid formiletion and
its soluticns pOSSESS soale removing properties similar to inhibited hydrochloric
acid i at he same time be non-corrosive to boller sieels. Wysadotte
Qiemicals Corparstion, under contrect with the Burcau of Ships, canducted bench-
scal) evaluetions cu soaled boiler tube sectians using various formulatians.
The lLaborstory cantinually momitored the application of the Wyandctie-suggestsd
procedures to full scale boiler cleemning trials. Based on these tests, &
chemioal cleaning pavredure was developed that is suitable for ahiprbomrd use,
The selected descalant famuletion cansists of 898 sulfemic ecid, & citris

e0id end 95 dlethylthicursa. A 208 solutiou of this dessalant approeches the

strength snd scals-dissolving charecteristios of 1G% inhibited hydroshlorin
a0id and at the same time oifer excollect carvusion protectian to boiler steels,
except Crolay 16=0. desupsrbester allqy. Although further investigetion is
soquired 0 resalve sam minor carrasion snd storege stadility problems, the
solid descalmmt formulation mesis the alove requiresarts snd is recommsnded

for shipboard chemical olesning of boilers.
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SUMMARY PATT

Iha_Erobisn

To develop a cheminal olesning prosedure far the remo/al of hojler water-

¢ side deposits thsi cen be safely carried out by non-technicel shipe' persannel.

The descalant used aball dbe a pop-toxic, weter-soluble, onc-peciage solid
formilation that will not undergo degredstiun under narmal shipboard storsge
conditions. In edditiom, will 108 or 208 solutions of the sslected forwmla
be cepedle of solubilising deposits to the same degree as 108 hydrochlaris
a0id and 4o these rolutions offar corrasim protection to boiler steels?
Eladinga

A chexioal clesning procedure wes deweloped Wy Wyandotte Chemicals Corpote-~
tin for use Yy shipboard nan-technical persommel. The selocted descalemt

farmiletion cmsists of 895 sulfemic soid, €€ citric acid snd 58 disthylthicuree

sod meets the edove requiremmts for safety in handling, soals soiability and
corrosion protection. Results of full soale shipbcard doiler oleening trials,
ouaducted undes Laboretary supsrvisicn, showed that the Wyandotte prucedure is
suitable for abipboard use and that the salscted dsscalsnt farwilatian is
speriar to ey othar salid descaling compoun’ evalumted to-dste. Besed an
laboretory bench-scale evalusticns, it wes also shown that, in mowt cases, the
salid deccalsnt was equally effective in removing waterside depreits {rom bollar
tude sectioms as imhtbited hydroahloric acid. The selsoted desca’.amt oculd also
be safely sgpiied 1o asrbtam steel, chrome-waly stesl asd L3-8 superhester mstal.
Howsver, the solid formulstios as well ac the hydroshlorio acid were extremsly
carrasive to Crolay 16-1 desuprrbester wrtal. The descalmt forwmilstion also
ahiibited dagredation shan otored under adveree canditions.
Meocsmsndaiicone

It {» recommscded thet the solif descalemt Zormilstics be adopted for
shiphosrd use emd that the ourrest BUSKIFS Imstruetviom 9510.29 of 3 Peruary 1938

i1
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be revised asccordingly. The amteriul chall rot v uscd o 10-1 desuper-

Leaters. Further gtudics nre needed to resolve cowe of tuc corrosion end

storage stedpllity problems.
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ADMINISTRATIVE INFORMAT TON

The prujwot to develop fevilities far shipboerd chemicid :leening of
boilers was initially authorized by BUSHIPS lettcr ALL/NS -041-001(342)319
(65096) Ser 342-69 of 15 February 1957.

The cost of the project was chergeable *o Mlotmeat 30007/KDN 57.71.
The Navy Index Number wac NS-041-001.

The evaluation was ccnducted intermivtently from 1957 to 1962 sinca,
in sddition to ihe development of shipboard chemicel cleaning fecilities,
e projcst entalled momitoring of the application of selected full-scale
botler clesning procséures based on successful bench-coale evaluations con-
ducted by Wysndottie Chendcals Corporsticn. These additicnal evaluations were
canducted by the Laborstory under Subproject SROC7-08<04, Tesi 0014 .
References:

(a) Trisl of Boiler Chemloal Descaling Procedire Developed by Wysndotte
Cheatcals Corporstion; final evaluation report of NBTL Projeot P-357(NS=041-001)
S 18 Sep 1937

(b) Instrustions for Chemical Clesning af Boilers by Ship's Farce -
mMslogurc (1) of NBT. 1*r Code 750J19(P-360) of 8 Aug 1937

(o) Chominal Cleening of Naval Boilers, information for - Enclosure (1)

of NBTL ltr Code 752J19(P-360) of 29 Mey 1938
(4) Chemiocal Descaling of ¥aternide Deposits in Bollers Aboard USS BEATTY
(0D-756) - Boolasure (1) of MBTL lir ruorb vode 752 A3(P-360) af 15 Jul 1938
(e) Chemical Descaling of Watarside Depasits in Boilers Aboard USS CADMIS
(AR=14) - Eoolosure (1) of NBTL ltr repart Code 752 A9(P-360) of 17 Sep 1958

(¢) Bojling Out of NLG-6 Soflor, NBTL report Code 752 S351(2-270) of
31 Oot 1958
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(c) Chemical Lescaling ou UGS CAMI'S (A=A} Bollers, Additicnal jwlorme-
tion Concerning, NBTL 1ir report Code 792 (F=-300; of 10 o 1358

(R} Electromeirie Procedure for lhe Resaylag o the W ralotte Descelaut
CH-3909-C; report of NBTL Project P=300(NS=041~001), Codc 7.iT22(P~26Q)
of 5 Jun 1959

(i) Chemical Descaling ~f Waterside Surraces 'm Fire Tube Auriliary

Roilers Aboard the USS FEALIHNSS (NGJe442); Terort of MBTL Project P-360(NS-O41-

001), voda 75254(P-360) of 1 A 1959

(J) Chemicsl Desesling Racults »f USS WICAN (AR-5) Doller Tubes; SONECON
report of 18 Jun 1359 - Resord of Cxmversaticn of 26 Jun 1959

(k) Chesoal Dasoaling of USS VUICAN [AR-5) Eoiler Tubes; Additionel
Information Concerning, NBTL Projeet P-~3t0 (SRO07-08-04), Coue 752/10330(P-360)
of 17 Aug 1955

(1) Chezlcel Descaling of Waterside Depoaits {n Bailass fboard USS VULCAN
Enclosure (1) of NBYL (Chosiatry Browh, Codd 752) Bi-Manithliy Progreas Report
£ 9 0ot 1959

(=) Removal of Wetoruide Deposits froc USS MASSKY (DD-778) Boiler Tube;
Report of NBTL Project P-300(SRO07-G3-04), Code 752/10330(P-360) of 8 Deo 1959

(n) Cheaicel Cleaning of 0il Comtemina.ed Boiler Vaterside Surfeces:
repart of NDTL Projeot P-360, Code 764/1B30(r-3"0) ol 22 Mar 1960

(o) Chemical Degasling of the Boilers Aboe:d USS HARWQOD (IDE-861) -
Enclosure (1) o° NBTL 1tr repart Code 764/10330(P-360) of 10 May 1940

(p) Chemical Deocaling of the USS TAUSSIG (DD-746) Bollers; lnformtian
Connerning (NBTL Projeut 1-360) - Prclosure (1) of NBTL Itr repart Code 7o/
10330(P=3¢0) - of 20 Jun 190

(q) Rffecta of variaie Treatmants oo After-Rusting Rsu.tiing from Chemicai

Cleaning; report of NPTL Project P-360 of 7 Aug 1960
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(r) Extent of Hydrogen Evolution During Chemical Desoaling of Boilers
with Inhibited Sulfsmic Acid; report of NBTL Project P-360(RO07-08-04,
Subtesx 0614) of 16 May 1961

(8) NBTL 1ir report to Wyandotte Chemlcals Corporeticn (with coples to
BUSHIPS), Code 2764/10330(P-360) of 18 Jul 1961

(t) NBTL 1tr report to Wymdotte Chemicals Corporation (with copies to
BUSHIPS), Code 2764/10330(P-360) of 13 Nov 1961

(u) NBIL Chemistry Bremch (Code 2764) Bi-lonthly Progress Reports of

Aug 1955 through Jul 1962
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RLPORY O INVESTICATXON
INTRODUCTION

J chenieal descaling proccdure cuitoble for ghipboard uue is reeded for
the vemoval of deposits (rom vaterside surfeces of naval boilers., The method
shall be sufficiontly simple ond aofe so thet it can be casily handled by
nm-sechnical shipboard rercomel. IXn addition, the descelent vhell be o
polid fermulotion that ic water-eoluble, non-voluoiile, non-toxic, non-hazardous
CQurlng storage ond handling cnd chemically stable when stored aboari ship. The
descolart formulotion, then in solution, ohall posscss & scaie-golubilizing
cepacity comparasble to that of mineral geids and at the nome tims offor maximm
corrcsion protection to boiler metals, including those of superheaters in high
preasure bollers.

The Wyemdotic Chemicals Corporation, under BUSHIPS contract, has been
evalusting various mteriels and procedures that would meet the above requires-
rents. The investigetion included bench-scale studies in such areecs as: water-
side deposit solubility, metal corresion protcction, metal passivetion, preven-
sin of copper plating, descelant storege stebllity, safety to operat...g persamsal,
optimm cantrol canditions ond the development of amalytical procedures to be
ircluded in the opecification for the mrocurerent of the selected descalent
farmiletions. The Laboratory's mission was to apply the successful bench-geale
findings to full scole boller descaling evaluations on Leboratory end shipboard
boilers.

4 chemical procedure propcsed by Wyandotte wos given e full scale trisl on
the Leberatery Guest boiler. Results of this evelnation, reported by refcrence
(o), chowed complete removal of the waterside deposits end setisfactory metel
reasivetion on the carbon gteel boiler surfases. Althouch the procedure was
uct fully perfected, particularly in the area of corrosion protection for
chreme«moly steels, thore was sufficient information avatledble to plen for de-
valoprent of foolllties for shipbe~rd chemical cleaning of bollers. The Laboratocy

v




-

—— L

HHTL PIOJECY » =20
was therefuw cutiorized to proceed with the preparatian of he followirg
foacilities £ 4 shirboard evoluation:

Suitable mixing tankn for praparation of solutioa. Thege tenks
chould bo either collepsible or ergily dissssembled for storage.

Chomfcal resistant yurps end hosas

Protective clothing

Noceseary steam, uir end nitrogen lines to the chomicnl rixing tenks
and boiler.

Detoilod instructicrs covering tho proceiure described ‘n reference
(e}, ircluding boiler and clemning equipment piping arrangozent, so that the
wethed coan be casily followed by ship's oporeting personnel.

In additicn, the Lasboratory mas authorized to cantimually monitor all
improved baller Aescaling procedures, developed by ¥ysndotte Chemicals Corporation
with reapect to boilsr moisl carrosion protectian, copper plating, scale dis-
soluticn, optimm cantrol conditions end epplication of selected methods to
full scale boiler clsming evalustions sboerd ship. As part of this progrem,
*he Laboratory also participsted in the verifiostion snd technical appreisal of
<the smalyticel methods comrtained in the Wysndotte-propoeed specifications for
the procurenen’ of tha gselested descalemt forwulotions.

DESCRIPTION OF MATERIALS

Qeonicals
The following Wyendotte-proposed dsscalant formlations were evaluated:

DUNDITE PESIGNATED FGRMULATIONS
CR-3905-C  Ca-5923 CR-7064,-B 3.17.1
Copatituapt {rerocat)  (rvercemt)

Sedium bisulfate
Sulfemic acid, WiCw
Sulfamic acid, WOACH
Citrio acid, wonchydrate
Citric wold, anhydrous
Armour RD=-2506-Pan
Diathylthiourea(DEIU)
Pemacne E Iinhioitorsw

tivienng
RANEIREK
b og
“iietrg
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# WAC - with anticeling cgeni (microline ntlfca). WOAC - without enticeking
agendi .

% A liquid iohibltor added ucparately.
#x A blond or abcout 977 diethylthiourea end ebout 3% micrufine silica.
The passivatiug fcamlation, Wyandotto desipnotion CNM-2875-3, cunsloted

o1 the following on a dry hagsia:

Conatituent Baroort,
Sodium nitrite 50
Monosodium hydrcopen phoaphate 25
Dinodium hydrogen phosphate 25

Zoulvpant
Collansible rubber-costcd nylon mixing temkm (nominal capacity - 3000 galloms).
Stainless steol chemicel mixing tanks (ncminal capacity - 2400 gallons).
Stainless gteel chemical mixing tanks (nominol copacity - 80 galloms).
Neutralizing tanko,
Acid recistent pumps.
Acid resistant hoae.
“*gem hoso.
Safety equipment.
METHODS AND_RESULIS
Ereperation of Shipbcerd Chemlcel Closnlnz Feelldiies
Two collspuible rubber-costed mylon mixing tenks, an sold resistent pump
snd necessary hose were yurchased by BUSHIPS end shipped to the Labaretory for
evaluatimm. Since these tenln ware normally used far atorate of poteoble water,
it was necessary to dotormine whether the tanks were reliable for handling hot
scidic and csustic solutions., Severz) specimems out {rom the petohes provided
with this equipment were oxposed to 208 solutions by weight of Wyendotte de-
poalent formulation CR-3005-C and held &t 185 F for 4 hours. Other specimmns
were treated with hot 5% solutions of caustio soda to simulate asid neutralisstion

conditicno. Hot chemionl nolutions were also poured over aanfined areas of tha
3
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bottom ar the tankm and after seversl hours exeninoed for materiel depredatina.

£11 toots showed that therw was 1o degradation of the muteriai end the tanks
could be safely used for hendling the chemical:, However, it was ncted that
vhersver sllight damnge o the rubber coating cicurred, thus exposing the nylon
Cabri:, degradation would toke plamse. Sinco damage 10 the coating was elweys
2 poosibility, petohing trials were nlso ecomduoted in socordanac with the
rooufasturer's instructions end using the repeir kit provided with tro equipment.
Qesults showed that the tenkn were enmnily repeirable in cave of dannge., After
filling the tanks with wvater and hooklng up the hose and pump ond reciroulating
the water, 1t was found that, with proper care, the system was suitable for use
during sbhipboerd boller chemicel cleaning operatioms,

Moreover, the tenlm could be clesned, snd collapsed ifato a relatively
small poskage and siored aboard a tender or other ship.

Based on this trlael, the tanke and other cleaning equipment were crated and
shipped to COMDESLANT for the forthcoming boiler descaling trial adoard the
USS MILL¥R (DD-535). A detailed chemical descaling procedure similar to that
ue- ! during reference (a) was forwarded to COMDESIANT, with copies to BUSHIPS,
by reference (b). This information also included msthods for tenk erection, tank
repair, preparatiom of the boiler and equipment for cloaning snd necessery

safety precautions.

The No. 3 boiler was chemically cleemed an 10 Septeumber 1957 by tha ghip's
engineering persunrel, ossistad by repair persomnel from the USS YOSEMITE(AD-19).
before closing the boller, seversal RA, RB and RC row tubes wure plugged for
ouboequent romoval to compare with removed adjecent tubes (not plugged) for
ccoparison and appraisal of the cleaning operetion., Test specimens of carbon
steel, carbon-moly and chrome-moly were also suspended in the steem drum for
edditional matal corrosian information. The boller piping hook-up method and the
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chemical cloaning procedure uped avure in acoordense with the instructions of
reforence (%) wiih the excoption that tho.hot watar in the boiler, used for
preleating the boiler, wns pumped into one oi the mixing tunks to diccolve the
golld descalant chemicals. After the nitrite-phosphate passivaiing treatwent,
the bollor wos onened for imspeotion. Preliminsvy ingpection of the steam
md vator drums and tube ends from each drum showed that the desculing operation
wes owecassful. lowevor, afier rexsoval ond splitting of the plugged (not ex-
poged to the descalant solutions) and the ndjasent unplugged (exposed to de-
scalmt solutions) boiler tubes, it was found thei not all of the waterside
deponits, particularly thoge toward the side of the fire, were removed from som2
of the tubes. Murther cxomination at tho Leboratory revealed ithat the plugged
RA soreen row tubes were heavily soaled and would be expucted to offer resistance
to complete descaling after four houre of treatment. For example: the RA-7
goreen tube that was not exposed to tr> descaling treatmeunt had a scale thicimess
of 1/16" on the oide townrd the £ire and wes badly pitted; the adjscent RA-6 ‘ube,
exposed to the descaling treatment, wos clean on the side eway from the {ire but
h7 ¢ considerable deposits on the other half of the tube end considerable after-
rusting. Comparison of the RB-8 screen tube (plugged) with the RB-9 (unplugged)
tube showed satisfactory descaling results. Similar comparisons of the cne inch
tubes (plugged md unplugged) also showed satisfeotory descaling results except
far sporsdic redeposited but loosensd depceits. Where no loose deposits were
evident, the waterside metal surfaces were steel grey and well passivuted. It
was also evident thet any loose doposits coeting the steel surfeces rejeated the
nitrite-phosphate pessiveting treetment. It was estimated that about 80 to 9Q%
of the boiler's deporits were removed by this descaling pronedure.

Chemical analyses of the deposits from two adjesent (plugged and wnplugged)
gscreen tubes ere prosented below:
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R (plugeed) RA-6 (unplugged)

Captituent Expregosd Au: ~Loereemey . fpexx

Irm F°203 3.5 0.2
Copper Cuo 21.6 38.9
Cricium cay S.9 7.8
Ma@]esium ugo 8 . 6 J . ‘;4_
Fhosrhete P05 2.4 £.6
Silica sio2 2.0 13.5
4ine 7nd 3.4 1.8
Sulfeate 50, Hone 7.8

Resulis of the anrlyses indizate the following:

Based om the prewise iat the cdjecent tuwbes had ehout the sonc amounts
of deposi’ with cimtliar chewdcal ectupostitiom, it is recsonavle to ccncluds that
the 208 by weight CR=3909-C decenlemt solution gelectively éissolved end/er
romoved considerably more iron, wegnesium, rhosphate, 2inc end Vo & lagser ex-
teut calelvm thar eovner and siilea.

The presaoe of sulfote fon in the RA-O scresn tube unremcved deposit 1s
pobebly due to the sndivm dlsulfate in the descaling solution that soaked the
dsposit.

Subgequent analysis ol the "spemt" enid descalent showed the following:
Pervant s0ld consuriion (bensd on the ortginal strength) - 18%
Soluble copper - 1), pra
Suspended corpar (undissclved) -~ 53 pma
Soluble iram, expressad es Fe,03 - 9.1 1bs./150 zallors of "spent

solution,
Total ecluble iran, exjrerned as Pey0;, removed Mivm the boller - 228 lbs.
Total suspemdcd iron (wmdissolved), expressed ea Fo,04. removed from
the badler « 3 lbs.
These rosults further conilra the shovo obser:atiar that more irvn was solubilised
by the descalont then coprer. The Swt that the arighhal deposit caataine leas
than 505 irwm &g Fep0y, 1t L~ =lso presuned that considersbly more scaled de-

ponits mere removed by thip clcaning procedury them the 236 ihs. af total iron
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shown ebove.

Purther ozamination of descaled but rusty oplit boiler tubes vhere the
thin loyers of deposit wore originally presumod to be csuscd by scale re-
depogition wnd/or aftor-rusting was loter shown to be caused hy coppor plating.
¥ign the "rusty” tube curfecas were treated with a copper romoving ageat,
ocansisting of a dilute ummonium hydroxide solution end contoining swall amounts
of sodlum chlorete, potensiunm bromate and emromiun corbomate, clewn tube sure
feoes were obtained. lNeedlesc to sy, the coprner removing solution twurned desp
blue, indicating the presence of large amounts o copper deposition. The copper
plating problem was lnownt to exist during chemdcal clemning of waterside surfeces
when the depoeits are high in aopper cmtent and no copper removing or complexing
sgent is used. The corrosion inhibitor HD-2508-P, although offering excellent
carrosion protection to carbon gteel, does not porsess inhibiting properties
against copper plating. Removal of copper, in the smoumts shown above, could
anly be sccomplichad by elther cn external amoamium hydroxide treatment in the
presence of oaxidizing media or by suitable copper complexing agents comteined in
“he desceling formulation. After treatment of the desotled split tube sectiars
with amonis, & muber of "rusty" tube surfoces looked slean end therefare, after
o gsecond appraisal of tha shipboard cleaning triel, it was conoluded that the
trial was satisfactory except for the copper plating problem that will be dis-
cussed leator in this report. No copper plsting problsam was encovntered during
ihe Leboratory full goals clesning trial on the Quest boiler (reference (a)),
using the sexe CR-3909-C descalamt, because relatively smell amamtis of ocopper
were present in the waterside deposits,

The previously weighed and meesured corroeim test specimens suspended in
the gteam drum were removed and cleaned with the smmmia~oxidmt solution to

7
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remove the copper plrting., After &, nv end evelhing, the corrosim losaer
wore determined. Yhe corvonlen rotes o Wowe shesls exprersed as Yho.,/Tt/he.
are givem balow:
Type Lese”
Cerbor stecl 0.0011.
Cerban-roly steel 0.¢055
2} Carome- 1 ol 0.0150
steel
* Aveprage values ot duplicate detaimin~tions
These corroeian vilver were in faix ayeercat vith thoce acrunlly obisined
in leboratcry beaier teats when eixilar tes: speeioems were expaicd to 208 by
might of CR-3909-C desaslemt solutions camteining corrosive edditives normally
foung ip "spemt: descensmts, DHowsver, the corrosicm losses of the chrome-moly
steel were only sbout nelf of those obtained during the Cuest boller descalling
trial (refereuce (8)). Theee i0sses vere etill cansidered prahibiiive snd,
therefore. this forvmilation wes anly eccepteble far cleening the enarating Senk
of & beller.
At & subssquent mmeting with Dureeu snd Wywndotte Chemicels Curparation
. .reamel, baged o the rerlis obtoined, the rollowing itexx were resalved:
Since anly 18% of the ariginal aciG strength tes consumed after the

four-haur soaking pericd, the operation auall be extonded 10 8 sevap-hour

soakisg period.
Formulat‘om CR-390X-C ahall not be used on cartvm-gnly and chrome-Eoly

The amonis-axident co, - removing Jrocedun:, al‘bu i allective 7o~
ranoying copper ram Miler wutcrside dopasils, shall not de used om shipdoexrd
installaticoa due to the potantial hagard invol ed., Other iohibitors, capadle
of revanting coypor depomitian, shall be evaluated and dlended ioto the formuls-

tiom.
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The informetion ocmtained in refermwce (b) md that ohtained froa the
boiler descaling trial oboard the USS MIILFR (DD-535) wns used for the
proparetion hy BUSIIPS of the chemioal cleaning prosedure urde: Method II
of Appendix B of Emolosure (1) of BUSHIPS festrustion 9510.29 Ser 551B-70
of 5 February 1958. The mly exception wos the extension of the soaking period
from four hours to seven hours with intermittent polvent recirculation.

Following ihe USS MILLER boiler descaling trial, the Laboratory comducted
training sesaiams for COMDESLANT perscamel, who in turn would gupervisce the
deccaling operations on ships under their command. Instruction was offered om
piping-up details, acid stremgth cantrol during the soaldng period end the
colorimetric determination of soluble iran in the used solutions, In edditicm,
sinco frequent operations were emtioipated, COMDESLANT desired to set up a more
permenent chsmioal mixing fecility then the rubber tenln. Moreover, during
chemically cleaning of the USS BEATTY boilers No. lmqu. 2, ths rubber-
coated nylan mixing tanks sprung loaks and patching proved unsucoessful. The
Ioratory furnished this command with dateils for construction of a stainless
JNeel mixing tank (nominal capacity - 2400 gallms) comparsdle to that used
at the Leboratory. A procedure for the colorimetric determination of total
iron was developed and details forwazded. This method also cantained maximm
limits for iron content (a maximum of 1.2%) @3 a cantrol for possible reuse of
"gpent” desoalent solutions. This Infarwation was forwarded by refexence (o).

Boilers No. 3 and 4 were descaled hy the ship's forece on 6.7 May 1938 under
the supervinion of Leboratory persamsl. Inspection of the boiler watersides
prior to descaling showed them to be heavily scaled. The piping-up prosedure

9
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and descaling method used were in accordence with BUSHIPS Inotruotion 9510.29

of 5 Fedbruary 1958. The aoid consumption rate and iron pick-up vere dstermired
periodicslly. Boller No. 4 wen the firet to be treated with iho strong de-
soalant. After about 7 hours, the CR-3909- solution concenivaticn dropped
from 19.08 to 15.1%. Since the iran pick-up did not exceed the moximum 1imit

of 1.2 as Fe (a maxiim figure fixed by "hho Laboratory based on post experience;,
it wns decided to reuse the "spent" solution on the No. 3 boiler. The descalent
soncentration oo this boiler dropped from 15,1% to 10.6¢. Boilers No. 1 and 2,
although found to be in fair condition, werc scheduled for cleaning. However,
they were not clesned due to fallures of the rubber-costed mixing tenks. The
total emount of iron removed from the No. 3 boiler was 208 lbs, es Fe,0; end
that from the No, 4 boller wes 254 1bs. as F0203.

Inspecticn of plugged (not chemically cleaned) and adjecent unplugged
(chemically cleansd) "A" row screen tubes n‘veohd that they were about 90f
clean, Considerable pitting was noted on the cleaned tubes, Results of the
clesning trial were generally satisfectory. This information was forwarded to

SHIPS by reference (d).
Boiler Desoaling Triel Abosd USS CADMUS (AR-1A)

Bollers No. 1 end 2 were descaled by ship's force on 23-24, August 1958
under the supervisiun of Laboratory personnsl, Both boilers were considered
heavily scaled, although No. 1 boiler had 75% of its tubes renewed., The pro-
cedure employed vas in tccox'dlmg with BUSHIPS Instrustion 9510.29 of 5 February
1958. A 22% solution by weight of CR-3909-C was pumped into the No. 1 boiler
and after seven hourse of sosking end alternate circulation the ooncentreation
dropped to 17.7%. Sinoce the totel irom comtent did not exceed the 1.2¢ maximum
1imit, the colution was reused on Boiler No, 2. After some dilutiom of the "gpent”
descalant due to heavy ruin, the solutico strength in the boiler dropped from

10
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16.8% to 11.4%. The uotal irou piok-up during this trial was rather low
vhero anly 102 1bs. of iran es Fey05 was 1amoved from tho No. 1 boiler end
mly &9 1bs. from the No. 2 boiler. An evaluation wns alsco mado of tho use
of pI test paper es o means {or shiphoard control of azid depletiom rate.
Although oetisfastory results were obtained at the Laboratory vhan compered
with readings on a Beclman pi meter, the results obtained duwing this trial
wore subject to question ad tho idea was abandoncd.

Ingspection of tho bollors made it appear at first that the cleening opera-
tion way successful, Hozever, inspeotion of plugged and unplugged split screem
row tubas showed only cbout 80f scalo removal, presumed to be due to the heavy
deposits originally on the tubes. Consideration was thorefore given to re-
cleaning aof the No. 2 boiler. This information was reported by reference (e).

Purther tests wero requested by BUSHIPS to account for the low iron content
in the "spent" descalent solutiomns, while the ecid consumpticn was relstively
high., It was therefare decided to detormine the nature of the deposit on a
split boller tube section, removed priocr to the descaling trial, that was
submitted for snalysis. Examination of the tubu showed that the deposit was
Lcpoged of two distinct leyers, The top layer was a soft, reddish browm
powdery deposit easily removeble by brushing. The lowor wmiform layer made up
the major part of the deposit and wes 1/16" thick. This layer was not removable
bty wire brushing end was very hard sud tenacious and would be diffioult to
remove with the bisulfate formulation. Results of the analyses indiocated that
the lower densc layer, vhish somprised the major part of the deposit, ccntained
mly 15.33% of iron, oxpressed as Foy03. The principal component of the deposit
was zine (55.65% es 2n0) followed by phosphate (12,785 as Py05) with lesser
amounts of othor vaterside scale comstituenta. It wra of interest to note that
tho sopper omtent was quite low (0.35%% as Cu0). The upper soft layer contained
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more iron and leas mine, This expluained the rvason for the low irom pickup
by the descaling solutiom and the reletively high ncid consunption. Since
auly a small portion of the deposit connisted of ircn, it wvas concelveble
that only 102 1bs, and 89 lbs. expressed eo Fo03, were removed from boiler
No. 1 and 2 regpectively. It io alpo safe to aspume, bescd on the low irom
oomtent in the major portion of tho deposit, that at least three humdred 1lbs.
of sogle were removed from each boiler. This type of hard deposit would not
bo readily removable by the CR~3909-C doscelemt formulatioca or, for thak
matter, by a 10% inhibited hydrochloric acid soluticm.

Regsults of the analyses of the waterside deposits also showed that the
iron pick-up test used during descaling operatioms is not significant enough
as 8 oriterim for the campletion of a boiler descaling process, particulsrly
where the baked-on siudge is low in iromn. It vas therefore recormended that
the iran test be drcopped. The acidubase titration procedure is the simplest
means for predicting the oomphfim of the operation shen an aversge amxmt
of soft scale is present in the boller. Under extrems oonditiome, es found
on thegse tubes, a l6-hour soeking period would have been more effective to

remove a1l of the deposits. Similar depositg, trested at the Leborstory, usually

require 16 hours of treatzemt for ocomplete scale removal.
The results of the analyses of the descaling aolutions after suwcessive
hourly recirculstions and the analyses of the deposits were reported by re-

ferem; (g).

A proposed military gpecification for the procurement of & Navy solid

descalent compound gimilar in composition to the CR-3909-C formlmtion wes

prepared by Wyandotte. Included in the gpecification was a proposed yroceduro
for the asgsaying cf the solid farm compound for total ecidity, dbisulfate asidity

12
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and citric e0id. The method, devalopr by Wyandotte, wes electromeiric,
wheroby the samposition of the nodium bisullate - oitric ecid ulxture could
be determined in a single titretiam. This procedure wes lco.. “ime-consuming
than the conventianal gravimatric msthods of anelys!s for ciirie scid by the
pentabronecetane method, for sulfete by tae barium sulfatc cethod end for
total eoidiiy bty the stendard acic-base titration method. The electrovetric
prucedure omsisted of titrating the descalant sample with 7etramethy?. amaoniun
hydroxide (TMAH) in isopropenol. Two inflectian poimts are obtained in this
titration from wnich the percentage total acidity, disulfate acidity, citric
0id and sodivm disulfate cen be calculated, Sharp end points are produced
st each inflectiom, provided the proposed schedule for the additiom of the
soall inoremsmts of TMAN is closely followsd.

The labarstory wes requasted to verily this spalytical procedurw and of fer
a teclmical appreisal as to the ecourscy and reproducidility of the vethod end
pertinet commeuts. Three separste datches of tne solid pertion of the Wyandotie
doscalant formulstion CR-3909-C ware used for this malytical study where 12
““{quot semples (four fram cach batoh) wero wepared. Results for total soidity,
bisulfete aaidity and citric ecid showed excellont reproducibility amd in good
agreemant betvemn the averege valuae obtained et the Lebarstory sod those of
Tymdctte. The campasition limits listed in the proposed spssifisation for the
Navy descalmst (CR-3909-C) were 37.9 t0 41.2% for total oidity s HQSO,,

33.0 %0 37.0 for dinuilfate wsidity es 4SO, 4 6.2 2).0F for oitric eoid.

The sverage resuits obtained at the Labarwtory were 39.5 icial esldity, 34.9%
disulfate scidity ead 6.66 citric scld, ur sdout half-wey between the proposed
specifisstion limits.

The Labcretory thareiare recommmmdad that the proposed smalytisal procedure
be camsidared socepradle es part of the sproification requiremsnt for the

U
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procurement ot Navy Poiler Desoalant vonpeund (Cil39%0)=C). A roport m the

unalytical investigaticnm wan forwerded by referenco (h).

Reacaling Trial on Fire Tube Auxiliery Poilz:u ibosrd the USS FEARINSS (NSO~442)
Wyalotte Chemfcals Corporation, based on their bench-ucale corrosion data

o a nunber of noi=forrous alloys and including silicoa-branze, reported that

the descalant ‘ormulation CR-3909-C cen be safely uced on gilicon-bronze fire

tube boiler wvatersids surfaces without the need of @& occrosion inhibitor, In

eddition, since no after-rusting on those surfeces takes place, the nitrite-

phosphate trectmamt stop con be eliminated. In order to fully evaluate this

procedure, o silicon-bronze fire tube wuxiliasry boller wag descaled on 2, February

1939 by ship's persamel under supervision of Buresu and Laboratory representatives.

Before this operation, pix previcusly weighed and meosured silicon-bronze test

gpecimens were hung in the boiler to compere corrosion values during boiler de-

scaling with those obtained at Wyandotte. A fire tube carton steel euxiliary

boller wvas alco descaled. The silican-bronze boiler received the 208 by weipght

of uninhibited sclid descalent (CR-3909-C) treatment followed by s mild esid

~inge (pH-2) snd a wmter rinsoe. The carbon stael suxiliary boiler received itha

reguiar inhibited desceling treatmsnt, including the pH-2 rinse and the nitrite-

phogphate applioation, as required by BUSHIPS Instruction 9510.29 of 5 Fedruary
1958. In addition, air displacement of solutions was used on the silicon-brmmize

boiler, while nitrogen ges displacenent was applied on the carbom steel boiler,
Both bollers were treated for seven hours with the strong descalmmts.

A post-cleaning inspeotion of the waterside surfaces of both bdoilers re-
vealed that the descaling opexation was sucoeasful, Howaver, tube No. 23 in
the cardba. steel bollser had developed a leak during the operation and required
plugging. Tuwbes No. 3 end 23 ware subsequently romoved end shipped to the
Laborstary. Inspsction of the wetersides rewsaled much corrosion and pitting,

L
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with pit penetrations of 50 to 1004 on tubo Mo. 23 end 50 to 60f an tudbe
No. 3. The ceuse of thin tiouble was direotly attridbuted to the use of un=-
Yahihloed #ALAL LD tha holler,

The silican-branze test spco’menn humg ir the boller wore removed, cleuncid,
dried, woighed snd metal loos caloulsted, Results showed anly negligible
carrosion loages even in the absence of a corrosion inhibitor and without e
nitrite-phosphate pessivating troctment.

te analode o ihe oririnal waterside s:ale found In the 017 lecan-braoze
TN e e R e e Aoyt e o b cude el umagmies i, coppern
silios and iron. Analyses of the spent descalants from doth boilers were also
made,

Beped aa tho negligible corrosion losses obtained an the silican-bronze
specimens, the Lsboratory rccommended thet the uninhibited formulation CR-3909-C
can be safely uged for deccaling of silican-branze dollers. It was &lso re-
coammended that the ehip should adopt a water {raatment program in order to

ninimize tks corrosion and pitting in the carbom steel doiler. This Information
- preported by referemce (1).

Since copper plating wes shomn to be & serious prodlem, perticularly during
the USS MILLER (DD-535) descaling trial vhere the copper conteni in the water-
sids deposits was high, Wysndotte evaluated a mmber of sulfur<bearing corrosiom
inhibitors that loolmd promising in preventing copper pleting on cleened doiler
waterside surfaces. Diethylthiourea inhibitor (DETU) showed to be the most
suitoble agent for blending into the solid portiom of the CR-3909-C descalent
formlation with respect to prevention of copper plating end the aboensce of
objectimable evolution of sulfide gases, so characteristic of other sulfur-
bearing inhibitors. In addition, this inhibitor (DETU) offered excsllent
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corrogsion protoction to stainless end chrome-moly otcels and thoir bi-motallic
Juncticns, while inhiblior [LB-2308-P, sontained 1u the CR=3909-C formiletiom,
exhibited very poor protective ocharactoristios fow chrome-moly nteels. Use of
the DETU inhibitor would theroforc offer a bomus feature Curing chemical de-
gcaling of superheaters on 600 psi boilors, where 1} chreme o 2% chrome is
round in e osuperhoaters and oa 1200 psi boilers, thoro the heoders are 11 or
2} chrome, with 1% ar 2} chivome %ubes, followed by 18-8 stairlces in the last
nass of the superhceters. In the 1200 psi boller sysiems, where bi-~metallic
velds join the chrome-moly rteels with the 18-8 stainless steela, chemical
cleaning of the cuperhentcrs wculd be saf: vhen PETU is uced. A new descalenmt
vas therefore formilated, containing sodium bisulfate, citric acid end diethyl-
thicurea, Wyandotic designa’sion CR-5923, Since past boiler deccaling trials
shoved that the bisulfate-citric ecid mixturc was effective on boilers that
contained relatively smnll amounts of waterside deposits end vas not totally
effective on derse, hard and tenacious deposits, it was deoided to melect a
ship lnown to have heavlily sccaled doflers for the next boller descaling trial,

wing tho farthooming trial, it was also desired to study the effect of using
"spent", but refortificd dcsoalent golution an the corrosion of boiler steels.
Bollers No. 1 and 2 were desccaled by ship's force om 3=, June 1959 under
the gupervision of BUSHIPS snd Laboretory persomnel. Boiler watersides inspece-
tion prior to the desceling operation could not be made bocauce the boilers
were cloced up by ship's persamel before the arrival of Leboratory representatives,
Before ¢losing tho boiler, cevoral boiler tubes were plucged for subsequent re-

- moval end comparison with cdjecent removed umplugged tubes in order to determine

the efficacy of the clezning oporatiam. Also, praviously supplied corrosion
test opecimens represemtative of all types of boiler steels and including di-
retallic welds of 2} chreme and 321 stainless stesl, were gsuspended in the stoam
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druws of both hoilars. Thio wan dome in ordsr to aomiare the corrcasion laises
obtained wn those opeoimsan with the fresh desoalent to bo uced on the lo. 1
boiler ond the partially spemt solutions, refortified with additiccel descalsnt
and inhibitor to be used on the No. 2 boiler. These speoimens warc expooced to
saturcted water vapor for about 24 houra before expooure to thz descaling end
rassivating treatmonts., The piping up procodure and desceling method used
were in eccordenoce with DUSHIPS Instruotion 9510.29 of 5 Fehruary 1958 except
that the now degsoaling farmmletion CR-5923 wos cmployed. Hovever, due to
operating ditfficulities, particularly with leaking fittings on the rubber-coated
nylon tenls and inadvertent dilutiom, the initial esid carcertréticns were below

" the desired 20% strongtls. After ceven hours of soaking in boiler No. 1, part

of the "gpemt" solution was wsed to £11l1 boiler No. 2 after first injeoting 800
gallas of 17.9% by weight of fresh CR-5923 descalent solution imto this boiler.
During this trial, the procedure for external dissolution of diethylthiourea in
bulk form was also evaluated. This was suoceaafully sccomplished by spplying
stean to the inhibitor in a ssparete comtainer end adding the molten mass to the
?arge tank conteining the dissclved descalamt. Hourly solvent samples wore
iaxen from the stcem drum snd port end gterboard water drume snd descalant
ccncentirations determined,

\ Inspection of the boilers et the canolusion of the trial showed that the
descaling operation was unsussessful. Split, plugged tubes (not exposed to

- the descaling treatment) from both bollers showed extremely heavy and tensaious

deposits. Some of the pplit, adjecent unplugged tubes (exposed to the treat-
ment) olso showed heavy, tenacious deposits that were not removable by wire
brushing. A mumber of oplit tube acctions were shipped to the Laboretory for
further examination. The depoeits, before dsscaling varied in appearence und
thickness, with some deposits sxoeeding 0.030" in depth. A row B«12 tube {rom
boller No. 1, after desccaling end wire brushing, had a dark brown glased

17
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depooit ranging from 0.015" to 0.025" thick. This Ceposit oculd anly be
romoved by crimping of the tubx in a vise.

Severel samples of depocit, romoved from the bollexr tuben hofore end
after descaling, were cnalyued by wet chemical techniques, by X-fley spoctro-
¢rephic methods and identified by X-Roy diffraction. Results chowed a pre-
dominence of copper and zino m all somples, A pood bit of tho copper was

. present in metallic form. The iron cantent and the other typicel oludpe

deposits were low.

Visual examinstion of the oarrosion speciwans, removed from the stean
drums, showed no ovidencc of corrosion, pitting or ropper plating and wes
indiceative of the effectivensss of the DETU ag an inhibitor and an agent for
proventing copper plating, in spite of the high copper concentration in the
boller deposits. The corroesion data, supplied by Wymndotte, on six boller
steels and ono bl-metallic weld Junction showed low and escepteble metal loss
va]nep in the presence of the corrosive contaminants present in the boilex
sludge. In addition, the corrosion losres wexe of the geme magnitude in either
boller, namely, using the fresh CR-5923 descalmnt in No. 1 boller or the re-

2 rtified "gpent" acid golutiomn in No. 2 boiler.

Results of this trial showed that the CR~5923 formulation wos not
effective in the removal of the heavy, hard and tenscious baked-n sludge
deposits present in the USS VULCAN bollers. This was also confirmed by labore-
tary tests which showed that similarly scaled tube semples, wien exposed to a
20% by weight of CR=5923 solution end maintained for seven houra at 1835 F,
ware anly partially descaled (60%). Treatmant of similarly soaled tube sections
from these boilers with inhibited 10f hydrochloric acid solutions at 170 F
aompletely removed the deposits within tyo hours. It follows that this type
of deposit should have been trented with either hydrochloric soid or a sclid
degoalont that possessesn greater scale solubilining properties thun sodium

bisuifate. This infarmation was reported by resorence (1).
18
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Additlonal ceccaling evaluutlions vere canducied @ uplit, scaled
USS VILCAN boiler tube sestions ualng 104 luuibited hydrochloric e3id polu~
tions and 16 CR-5923 golutims (cancentration used during the 1.,ilzr de~
sonling trinl). Since a high silica content vau first suspseicd, 1 of ame
raaium bifluorido was odded to some of the suluilons. Results of {hese evain-
ations chowed that the tube necticus viere coupletely dsscaled by the hydro-
chloris acid in cue hell to three howrs, vhile only 70 to 808 of ths deposits
ware removed fyrom slmdlar tube nections atter sevem howrs of treaticent with
the CR-5923 formilation., Addition of amronium bifluoride hed po efiect on
¢lther of tke solutions. All of the HC1 dssceled surfenes showed conciderabls
copper plating. The CR-5923 and DFTU-irhibited steel surfaces also indicated
slight copper plating. Since this inhibitor was known to prevent copper plating,
further study was suggested to estadblish whether the copner was a result of
plating even in the presencse of DETU or wes initially present before the do..
scaling treetment. This information wes reported by roference (J).

Additional tests were conducted to establish whether DEIU prevemts copper
plating and to further compaxe the descaling ability of the CR-5923 farmustim
vl that of inhibited hydrochloric acid when applied to USS VUICAN split boiler
tube sectioms. New steel specimens were expooad to 208 solutions of CR-5923,
CR=3909-C snd 105 HC1 eolutiomns, inhibited with Rodine 213 end also with DETU.
The specimms were Limersed in 100 ml.. of the Indicated solutlions, eech conw-
taining 625 ppm ol amhydrous cupric sulfate, eud treated under statfe comditions
for 7 hours. Results ghowod that ell the DETU-inhibited soluticas completely
prevanted copper pleting. Formuletion CR-3909-C, inhibited with RD-2508-P ang
the Wwic gcid solutions, inhibited with Rodine 213 indicated alisht
copper plating eftor five minutes of exposure to thace sclutioms. Heavy copper
plating was noted after exposuve for ame howr. Split, acaled USS VUICAN boiler
tube sactioms were treated with 20/ CR-5923 solutions and simllar sectimas wiid

10£ HC1 solutiomg, inhibited with Rodina 213, The specimena were immareed in
19
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100 md, of the iadiceied solutions and beld =i 144 1 and 170 ¥ respectively
at stutic comditions. The percemtage o seile venovel wes cstlnated ecch
bour. Resulis shownd that the apecimeps trmat-d wish bydroyo oie ~eid werc
desealed in iest then tvo hewrs. while Shose o ased to the MN-1923 Jormiation
wore incompletel; desciled (00 o XY comoval) altar seven nonrs of freatment.
The remainder of the deposits ¥as soft and wan readily wemc 2l b, gire
brushing. The ilCl-treated tube sectiions wows coppes nlated, “ulle the GRe
5923-treated cectlcus arhibdbited presemce of iifrh copper, It vns presunsd that
the copper was mot a regult of plating bul rzihor due to ube precence of higa
capper (25 to 50¢) in the unremoved portioas of thc depagiis.

The resulte of the ebove tects indicated thai diethylthiouree inhibltor
completely prevented copper plating even In hydrochloric ecid goluvions. The
superiority of ths hdrochloric acid descalent over the CR-5923 rowmlation

in removing the hard, tonacious deposits from USS VCICAN split tube sectioms,

a8 reported by references (j) end (1), wer further confirmed by these tests.

In eddition, the 208 CR~5923 sclution stromgth did not nctabdbly improve ecale
-~emoval over the lof zolution used during the USS VULCAN dboiler desceling trial.

Tnis informetion wns reposted by cefsrence (k).

Bemoval ol ¥Wetgroide lenegiss [rom IS "AoSFL (DD=778) Policw Tube

Since couaidereble difficulty wws axperlancod in ewmoving veriouz hard
ad tenacious boiler wntarcide depoaits froa tube pwfeaces shen solucions of
godium bisulfate - citric aocild foarmulstions were used, further leborutary test;
ware condsted to campare the sosle rewovin; odility of the CR-5923 descalmct
with inhibited hydroohlaxie soid, The deposit on ao RA row tube wes 0,005 to
0.003" thick snd war hard encugh not to be removable hy wire brushing or chisell...
Ooo tude speolmsn we: exposed to the CR-5523 descaling trestmamt and held et
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65 F for soven howws. thile wnodhesr g wreveen vith a 167 hyuceorloric ol
solutien oud valntalined b 1070 . Snnpestdoa of Whe dveeted sanpd o roienles
“he {olloring:

Cnly aiewt 300 of e depeoit voo wecooved by ihe Ol-LuZd Coraalitlcn.

e reviclndexr of Tiie havd; hnlod-on uine’e wg pobL weroviUie L) wire bruching.

Tiese was no covmer plaving on tae clocecd purfoecs e on the cut cd o3
of the gnociuen, Thio fwther conflivmcd that Liigd, coatelncd in the CR-L923
rorunlaotion, ordcred cdeavnte protcetion cantngt crovae wlating,

The depenlt vto ecnpleiely vairovedt by iha ogpdreohlorie celd ey 30
ulnwice of exncowre e,

A brignd, wotadile coprer plete was vizibdle on whe rotald curtace end
poerviouldanly ca the cut olgea of the apeciuven., ‘fhis vayn due to the use of
Redire 213 inhiblter in the hydroskionic ceid solution whilch does rot posscss

or plating inalbiting chorcesorlatics,

A queldtative Ldentificatlcn of the loczcaed denonid, obtained by erimping
¢ seetion of the originrl sanlded tute, cheued it to emnist of irem, pheciuate,

rr; zine, nickel and clther vaterside secle conpenenic. The mein constituerts
vere iron end paocaramie, fadileeting a valed-on sludge. “adc vas anocther ine
otenee of a miubbora vabcicids fopcnslt not roroveble Wy he CR=-5923 fermilation
hille casily solbilized cnd/or vewoved Ly o 1G5 hydrceidorie ceid solution,
wicd oo the giandnnd deceaduni wwcuzheuws thece eveluatlors, It follova that &
wore effectlve calid desenlemt foyrmlotion 1o noeded 4o be copable of asolubilisiny
tmd/oir reuoving a voviciy of voilor watorclds derseits vound en heat transfer
curfroca, Thie Diorrution ves roporied by rofeccaze (m).
Dailee Dopoeding [todal fhened TSR FARTO0D (DIR-3612

Bollewms No. L end 2 vers Jspoeded on 2425 Apald 1060 by alip's foave cud

CODICLANT poracmrel wicer the supervision of Laboratory repreccatetives, Defove

<l
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cloging up the bolilers, awe R* row tubc .. wluge (nob cleowed) and the

od!accnt tube wire bruched wad plurged Taoh ¢ Ten16é) ¢ weh boiTe - fa order
t0 campare the condiiicn of the oriyal tubc (~logged) =ith lro #ln<bousned
tube aud that of caother ecltocemt tube thet w05 expased to .2 dngar Lant
golution. fthe roccdwe used wos in accordance rAth BUSEING L drucet lon

e}

e A ~
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1050, enployiug s SN-J0¢ -0 desexlan colution ewnept
that tro stainless steel teniss {nominel cavacity - 2¢0) o dons) mre abiiined
{n place of the iubbor-covied iylon Lo, fXWoeaeh @ bolles were tosved
adrogstetizally piior to vue descaling trial, boller Ho. i o eloved & lesk
around the ranhole cover o the stemn druw vhicu pade 1t noenssny to dump the
solution after four hovrs of soeldn;: and cltermche elrculat. 2 end boiler No. 2
developed en uncantrollszhie leak arond 129 cover o tae siduwail header whilcl
made it necesency to dump the soiuiicn afier iwo haurs end 42 mimutes of treat-
mast. Both boilern received the pH-2 soluticu rinse fallosed by the nitrite-
phosphate passivuting rinae. Insrection of the tullers wod twie removed tubes
sevealed the following:

Soilar No. 1 sppeared clssn looking doxn from e gican érun with o lot
of loczened dabir on the érun intermals. "o three woviamsly identified screen
tuber were ~woved and ~piit. A looee, T senifual doposii reoeined oo the
tube that was oxpoaed 2o the deccalnnt, but tis wac eosily :vooved by wire
brushing. Onon ths tude vas bruched, bare wtal was reveesed. Crim!ing aof this
tube produced no jurther szale. The tube thet wis plu ged {not ahewmically
slemed) and the tudc kst ~mn wire brustod end plugsed cantnined conniderwd!s
aeomts of scnle. Tt vmr noted thet wire bnusiing aaly polizhad the he~d =c
Wt 4ld not recove it, lowever, ! wee reroexied that the ovlisr be ~echamicall)
clesne} rince th» Jooeeacs depomits aftes dez2aling vere roou ahle by this method.

Bollar No. 2 sher . -owed from the steem drun appeered clesn. Mowever,

shar three split tubea, -imilar to those resoved (rom No. ) boilar, ware exmaimnd,
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incouplote ooale removel vos noted, This v to be crpected beceuse the ‘e-
sealing oolution remoined in the bollor anly two hours asd 49 uinutes Loetead
of tho ospecified seven howru. It was reconmanded that thin tmiler be o ilesmed
at o later date after the manhols and hanihole gesiwts wire replaced prioc to
cleoming to avold resurrease of aalvent leakay’a,

It was also recomamdad that the oleansd bouilars be blow:r dom frequently
to facilitate removal of mmy locse reaidunl. deposita. Blowdown wes to contimus
util the boller wator was slear, A report of thin tria) was forwerdcd by
refcrence (o), '

Rollor Pesoaling Iydel Abasxd WHS TAUSIIQ (DR-746)

Nased an the etove boilar dencallng trial: and Laboretory oanche-scale
evaluationa, it was evident that the sodium bisulfate - citric asid farvulstiocos
wera only effeciive as soale removing egents on goms types of watorzide deporxits,
tut {roffective m othorc, such as those presont in the USS VULCAN, USS CADMIS
and USS KASSEY end other hard, tersolous deponits. In addition, whenever hacd
and tenscioun deposits were being removed, the solid formulations naver approsched
the descaling charecteristics of a 107 solution of inhidbited hydroshlorio scid.

+ @ rosult, Wyandotte Chemdoalse wes requested to evalumta other solid descalmmt
formuletions that would megt shipboerd denceling noeds aund at the soxe tiae
poscess better poale solubilicing rmopsrties than the bisulfata - ditric foxrmde-
tioms. Of the formulations tried am USS WICAN ead other difficuly to remove
deposits, sulfamic moid in acmbination with oitric eald was the moyt procdsing
descalant and conpered fovorsbly with the saale-~diasolving propartles of s 10K
hydrochlario soid soluticn. Duriug these evaluations, it wac also satadllshad
that treatment of split USS VUICAN tube apeciwann nen not a falr tast Cor the
evaluation of descaling charecteristics of thu various anlutione decmiwe 1ifting
of deposita at tha cut adges was noted., For vare realixiis omditione, whole

(3 to 4" long), scaled bofler tubu agutions were 11134 with Lhe ivdlcated
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solutions end maintained st spocified temperatues. The tubes were then
split and oxaminad. Results showmed that althoigh the hydrochlorio acid trest-
ment was slightly better than the sulfamis acid, the latter Tomlrtlon was
far superior to the CR-5923 formila as & descalant.

Subcequent Laboratory descaling evaluations on ccaled IS VULLAN and other
wnole tube specimens produsad the same results 83 above, munaly, that sulfemic-
cltric acid wes f&» superior to bdisulfate - citric, ut slightly inleriar to
hydroshloric scid. Although the mineral acid s [rmerally slightly superior
to the sulfamic - citric mixture, better descaling icsulis were obiained in
some instances with the solid farmulation cn severel whcle, scaled tube sections
Temoved {rom other boilers. Another phase of this evaluaticn comsisted of scale
soludility studies, where weighed amounts of finely divided (200 mesh) weterside
scale omiples were exposed to various acid treatmenta. Resulis vere ganemally
the ssme a8 thoge obtained m se 1l aoctions and in sgreewent with results
obtained by Wysndotte that none of the solid descalents evalusted egualled the
boiler ~rale soludiliring properties of hydrochlaric asid. However, the sullamic-
citric mid farmulation was superior to all other #0lid descalmt combinations.

aother diatinct sdvantage of the sulfemic acid descalamt over tha bisulfute
formlation is that the reection products are mare water soluvle. This wes
particularly evident when calcium-dearing waterside ncales were exposed to the
various solutions. Sodium Lisulfate trestawat of these Jepceits chowed poor
sodubllities Gue to faruation of caloium sulfate resctiaon products. Although
the sulfenic-citrio acid solution csused & gruiusl decredss in polubilit)y of the
oaloiun-<cantaining cogpounds with en increase im solutiom cooentration end
tecpersture (150 o0 185 F), presuamdly due to partiel hydrolysis of the sulfemdc
ecid to emomiua bisulixte, the extemt of sralde calubility was caneideredly greater
than with the yodium Bim:liete eclutian. Nesdlsec to say, under theee camdit: =
the hydrachloric @312 vas >y far the dest salvent. This inforastion was reporte
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pariodically by referenco (u).
Although soms difficulty wes experionced with the DFIU-inhibited pulfamiec

acild formula in completely preventing the doposition of copper, & 202 by
woight descalant solution, cousisting of 17.8( sulfemic acid, 1.2% citric ocid
and 1.0 DETU (Wysndotte designation CR-7064-B) wes solecte” for use in the
forthcaming boller decoaling trial sboard the USS TAUSSIG.

On 18-19 May 1960, boilers No. 3 and 4 werc chemically clenned with the
20% CR-7064~B colutiom by USS TAVSSIG perscrns) uader the supcrvision of
Wyeniotte Chemirals Corpormtion, BUSHIPS and Laboratory representstives. Before
closing up the boilers, two A-rowv tubes were plugged for future comparisan with
adjacent unplugged tubes in order to appreise the cleaning efficacy of this
operation. Boiler tube test specimems, renging from carbon steel to 18-8 etain-
lecs, were suspended in the stesm drums in order to compare the results of
carosica losses under actual service conditioms with those previmusly obtained
during laboarstory bemch-ecale tests, using ths cewme descaling conditioms. In-
cteed of using a large mixing tenk equal or greeier then the toilers' capecity,
s small stainless steel tank (80 gallon capecity) was used to mix the descalomt.
hiz was eccomplished by reciroulating the hol zater from the preheated boiler
through the mixing tenk ‘o whick the 80lid descalant chemicals were gredually
addad. The cantinuous recirculation, aided Dy a steam line at the bottom of
the tank, dissolved the chemicals and returned the solutian to the boller,
Sufficient descalmnt was added %o yield a 20% solution. It required sbout 2}
to 3 hours to mix and circulate the solution in each bofler. Soaking ccntinued
for 73 hours with intermittent recirculation. The aversage tempersture was at
175 F. The strength of the "spemt" solutions in eech boller was 15.9%. After
&umping the "spent” solutims, the boilers received a mild (pH-2) rinse end a
passivating rinse as set farth in BUSHIPS Instructioa 9510.29 of 5 February 1958,
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oxcopt that sulfentc ~ oitric was used In propering the -2 rinse solutim.
Examinetion of the drum purfeces revealed satisfectory descaling.
However, when RA row tubes were romoved and 5plit, it was noted that some scalc
remeined an both straight ond bent secilicns on the side toward the fire. An
adjecent plugged tube that did not receive tlic cherleal *reectmeni: wos heavily
scaled, It was estimated that about 85% of the original deoposit was removed,

Aralyses of the orizinal bLoller waterside deposits, candunted et the
Leboratory, revenled that the major constitucuts were iron, zinc, copper end
calcium coompaumnds. Analyses of "spent" soluticn Lfrom No. 4 boiler showed that
thore vere 235 lbs, of scale, axpressed as [p0-. Since the originel deposit
only contained 19.7% as Fep0;, 1t was concluded that the totel amount of re-
noved gcals was cansiderebly grester than 235 1lbs.

Further Labaretory descaling tests au USS TAUSSIG split RA row tube sectious,
using varicus descalants showed thet complete descaling was eccomplished with
hydrochloric acid and sulfamic asid besed formulstions. Only negligible ammmts
of scale were removed by the CR-5923 bisulfate - oitric formilatiom. No copper
vlating wes noted an the specimens that were exposod to hydrochloric ecid, in-
Libited with DETU. Slight copper plating was noted on the samples treated with
DETU~iphibited sulfamic acid and heavy copper plating where no DETU was used,
Similer descaling tests were conducted on USS YELLOWSTONE (AD-27) split tube
specinene where the scsle thiclness ranged from 0.022 to 0.042", On these
samples, mly the hydrochloric ecld completely removed the scale and none of
the s0lid farmulstions werc affective as descalants. However, the CR-7064-B
formulation was considerably rmuperior to the CR-5923 descalant. Unfartunately,
the lack of soala thicingss uniformity made this evaluation rather difficult.

The boilar tube suecimans thet were suspended In the steam drum during the
descaling operstion an the USS TAUSSIC were retwved and the metal corrosion
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rates determined at the Laboratory. Results showed that low end escepiable
corresim velues weve obtained on low cartan, redium carbon, carbcn-moly,
Crolay 1} end Croloy 2} steels. Negligible corresion values we:e obtained
a 18-8 stainless steel. No copper plating woo found cn eny of the specimeus.
These data were in falr agreemont with banch scale laboratory corroeiom tests
and with those obtained by Wyandotte Chemfcals Corpowmtion. Although hydro-
chloric acid is gtill somswhat the better decoalant, it commot be used to
cloen superheaters on high pressure boilers. The present formulation CR-7064-B
can be used with safety on 18-8 desuperheaters should cleaning of these s stems
become necessary. This infarmation was reported by reference (p).

Since a proprigtary descalant, containing sulfemic acid, and & proprietary

neutielizing compound were previously used by USS TAUSSIC persammel to clesn
boﬁlcrsﬂo. 1l end 2 amd cther ships would be likely to employ the same chemicals,
it was desired to study the merits of this neutralizing compound when compared
to the passivating treatment CR-3875-B that wes used during the above boller
'-ccval:lng trials. Exsmination of the propristary neutrslizer reveealed that it
uansisted of sodiun carbapate, nown to produce considerable after-rusting on
acid treated netal surfaces. The Laboratory, thercfore, condusted & mumber of
tests to determine the effects of the various rinsing end pessivating treat-
ments on after-rusting resulting {rom chemical cleaning.

Six inch long, scaled A~row USS MASSEY boiler tubes were used in the
Laboretory investigaticn. Each tube was treated as a "boiler' in a wemner
similar to & full scale boller descaling trial. The tubes wers filled with the
indicated descaling, rinsing and passivating solutions through the hbottom and
displaced witn nitrogen ges from the top. Filling and draining time was also
controlled to simulate an cctual boiler operation. Results were as follows:
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Congidarablo after-rusting took place shen efther sodium carbonate
or the prorrietary neutralizer wore employed niter the descaling step re-
gardless of the easid used.

No after-rusting resulted when the tubes wore treated with DETU-
inhibited culfamic ecid (both 5.5% and 20% by weight), follored by a mild
acid rinee (rHi-2) end by passivating with the nitrita-phosphate formilation
CR-2875-B.

Alter-rusting also toox plsce when the prvprietary guifemic ecid
formulation was used even when the tube was exnocscd to a mild acid rinse and
followed by & nitrite-phosphete peosivation in lieu of proprietary nsutralizer.
Sincs the waterside deposits oo the USS MASSEY tubes teie high in copper and
the proprietery descalsnt did not cantain en inhibitor that would prevent copper
plating, the copper deposited on the metal surfase end rejected passivation.
This phencmenon 4id not occur when DETU-inaibited sulfamic was used.

Based on these results, ths Leborstory recommended that sodium carbonsate
or the proprietery neutralizer not be used for neutralizing purposes following
chemical clesning of boilers. Furthermore, since the proprietary sulfamic acid
descelant did not prevent copper plating and also coused after-rusting dus to
incomplete passivetion, it was not recommendsd for use as e descalsmt. A report

o boilsr metal after-rusting wes forwarded by reference (q).

i

During chemical cleaning of boiler watersides with inhibited sulfamic acid,
CRUDESPAC emplays & small stainless steel tank (similer to ibat used on the
USS TAUSSIC descaling trial) for contimously dissolving and mixing the solid
descalsnt formiletion. During this operstiom, this tenk (A0 gallon capecity)
bhas been located doockside. In order to gimplify snd reduce the piping hook-up
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to a winimmn, CRUDESPAC wes considering relocating the mixing tenk in the
firoroom near the boilers being clesnad, Since it is Jnown thot some
hydrogen evolution talws place with inhibited hydrochloric acid, the Labora-
tory wes requested to obtain infarmation on the extemt of hydrogen evolution
around the small tenk when sn inhibited sulfemic acid solution is used. Based
on the relatively low metal loss in inhibited eulfamic acld solutions, very
little gas evolution would ve expected. However, befare permitting the mixing
tank to be loceted in the firerocm, Labaratory tesis should be conducted.

Bench-goal® evalustions as well as a full scale boller test were canducted
at the Labaratory. The bench-scale tests were mede on scaled 6" lengths of 2"
boiler tubes. These tubes were partially filled with the descaling solutions
and the vents closed to rrevent escape of hydrogen. The full scale evalustion
was coaducted in confunction with the cleaning of the superhester on the CVA-63
test boller. The descalants used in the bench-acale tests were 108 solutiomns
of inhidbited hydrochloric ecid, DETU-inhibited sulfemic acid and DETU-~iphibited
bisulfate farmulations. The descalant used during the full scale boller test
was 8 108 solution by weight of the CR~7064-B formilstion. The small stainless
steel mixing tenk, similar 4o that used st CRUDESPAC, was emplayed during this
operation. A cans-shaped 11d with a petcock an top was fabricated and attechod
to the tank to entep and measure the hydrogen ges evolved. A Mine Safety
Applisnce Hydrngen Explos Imeter was used to determine the percemtage explosivity.

Results an the scaled doller tube sections, vhen the vents were opemned,
showed presemce of explosive hydrogen in both the hydrochloris acid end solid
descalant {illed tubes. Results an the full sceale test also showed presemce
of explosive hydrogen gas an top of the mixing tenk whenever the solution was
recirculeted through the superhsster and the tenk. Since the CVA-63 superheeater
is composed of chrome-roly and stainless nteel, very little carrosion due to the
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inhibited sulferdc ecid talcs plece end hemce, very little hydrogex evolution.
During the chemical clesning of the saturatcd cide of s boller, conaisting of
carbon steel, cansidersbly groater quantifies ol hydrogen ges will be evnlved
during recirculation of the inhibited sulfeis ceid solution. This Ls baged
cn lebaratory results rhere, although icw and ecceptable corre:lon values are
cbtained on carbon steel, proctically negligidle corrcsion values ere obtained
cn stainless stecl.

In view of tha explosive mixtures of hydrojen gas found ermmdl the mixing
tank during descalant recirculatiom, the Latoratory recommended that CRUDXSPAC
be instructed not to locate the mixing tank in the firercom during chemical
descaling of boller watersides. It wss also ewphasized taat the command
strictly adhere to the safety precautiocns sot farth in BUSHIPS Instruction 9510.29
of 5 February 1958. A report of this investization was farwarded by reference (r).
dater-Lehorgtory Apalviical Studies

Based an the results of the dboller descaling trial sboard the USS TAUSSIG,
¥ysndottae's progress reports and the Leburetary's reports (references (p), (q)

(u)), it was evident thet some problems, such as, complete inhibition
egainst copper plating, reuse of "spemt" solutions, use of lower acid concentra-
tions and metal pessivation after hydrostatic tests, have yet to be resolved.
However, although additional work toward improving the descalant formulation
CR~7064-B would contimie, the Buresu indiceated that it was satisfied 'sith its
performence and wished to plece the form:lastion intc the Navy stock system,
Wyendctte was therefore requested to prepare en interim specificatioam for the
existing sulfamic - citric - DRIV formulation, Tais specification should
cantain suitable anelytical methods for the detormination of sulfumic ecid,
citric ecid and diethylthiourean in the presence of each other because it is
degired that the {inalized compound be stocked as a cne-packmge formulation,
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- In caamection with the writing of the spoaifricetion, Wyendotte wes to congsider
the storcge problem of the compound under shiphoerd conditions, ond if necessary,
include an ant!-caking agent. If the latter 1o used, en analyiical method for
its determination ahould also be insluded in the specification.

On 10 March 1961, BUSHIPS and Lebaretory reprasentotives visited Wyandotte
Chemicals Corporation to review the progress made on the study of storage
characteristics of the combinetions of verious grades of sulfenic eoid, citric
acid, when stared in contact with and without DETU, under various canditicns and
to dincuss details pertaining to the proposed interim gpecificntion for the Navy
boiler Scale Removing Compound. Wyendotte nresentcé a summary on the storage
charesteristics of 23 mixtures. The data listed the various ccuponents of each
mixture snd inciuded starege properties as to degree of caking, flow, dustiness
and chemical resction phenomena, such ss discolaratiocn end resultant odor. A
ladoretary demonstraticn of the storage properties of these mixtures after pro-
longed storage tims was witnessed so that the optimm free-flowing end dust-free
one-paclage formilation could be selected. Formulstion 3.17.1, consisting of
89.0f of crystalline sulfamic acid, 6.0% of amhydrous citric acid emd 5.0% of
remzane E inhibitor was selected as the best formuletion based on its storage
charscteristics, The inhibitor comtained 96.6% of crystalline diethylthiourea
and 3.4% of micrafine silice, used as an anti-caking agent. Based on the 5%
Pennzane E inhibitor concentration, the silica camtribution was 0,17 snd that
of diethylthioures 4.83%. Since the crystalline sulfsmic acid contributed en
additional 0.04% of microfine silica (added by the mamuifacturer), the total
silica content in the 3.17.1 formilaticn wes 0.23%. Although formulatiom 3.24.1,
cansisting of 88.7% of crystelline sulfemie ecid, 6.0% of emhydrous citric eoid,
5.0 of DETU and 0.3% Quso F-20 (microfine silica), exhibited slightly better
flowing characteristing than the 3.17.1 mixture, it was not cansidered acceptable
because ite total silica contemt was higher (0.36%) and produced cansidereble
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dusting that was irriteting to ithe qycs and nose due to carryover of tine
partisles of the gulfamic acid. Since Pemn:onr: E 1s a proprietery inhibitor,
it was agreed to specify mm inhibitor mixture ounsisting of sbont /.85
crystalline DETU end 0.15% of microfine silica vhere tho combinatiun would be
blended with the acid cmstituents in ane peokege. The interim specificaticn
details were also discusced end wmaximum and minimum limits of each constituent
wore recolved.

Upon receipt of the Wyandotie-proposed intorim opecilication of 7 March
1961 for the procurcment of the "Boiler Scele Removing Coxpound", the Laboratory
was requested by BUSHIPS to participate in the inter-lsboratory evaluetion of
the apalyticel proccdures caatained in the specification. This included analyses
an & referee sample CR-10572, submitted by Wysndotte, for sulfamic esid, citric
acid, diethylthiourea and silica. It was alno requested that thece amnalyses be
cancucted by two amalyots om two separste days completing four determinatioms
each day, totaling o minimm of sixteen determinations for each constituent in the
reforee descalsnt gample. Results, including coments and suggestions, were to be
gubmitted to Wysndotte. The information was to be used for a statistical study
tv determine the validity of the proposed analytical methods contained in the
specification. The analytical methods called for the determination of sulfemic
acid Yy potentiometric titration with a standard sodium nitrite solution; for
the determination of DETU by ultra-violet absorption; for citric acid by difference
after subirecting the sulfemic acid asidity, the ammonium bisulfate acidity ani
the interferense due to DETU from the total ncidity thet is obtainaed by titration
with a standard codium hydroxide solution. The detormination for silica was the
standard leboratory procedure, Although the Laboratory followed the detalls of
the proposed procedure, it was found necessary to make certein chenges in the
potentiametric titration for sulfemate ion and in the calculations for aitrie
acid by difference to obtain meaningful results. The procedure for arriving
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at the end point with rcasonadble scourascy in the potentlometric titration

for sulfemate ion was simplified so that the titration could be completed
withain 20 rdnutes instead of several hcurs. This proseduro was verified by
ruming a mrber of sanples containing Jncwn amounts of sulfemic acid with

end without DETU. Inte proposed method for the detormination of the citric
tcid content, the latter i3 obtained from the total acidity titration with a
standaid sodium hydroxide solution after correciicn for acldity due to sulfamic
ecid, exmenium bisulfate (a product of hydrolysis of sulfemic ecid) and the
iaterference due to DETU., When the proposed equation is applied, the calculated
citric acid value is iow and incorrect. This is dve to the fact that there is
no interference {rom the DETU in the scid-bmse titration for total acidity. A
nurber of synthetic samples with exd without VETU were prepeared and snalyzed to
ectablish the abeence of DEIU interferense in the total acidity titratiom. It
was therefare recommended that the proposed correction for DETU interferamce
bde deleted froo the procedure end the equation far calculating the citric acid
caxtent modified.

Other comments included comcurrence with Wyandotte that DETU interferes
dih the godium nitrite potentiometric titration for sulfemic acid, requiring
e eupirical correctior factor for the inhibitor, It was also agreed that 2o
amonium bisulfate acidity was detected during these snelysas, requiring no
correction in the citiic ecid caiculation. However, it was suggested that the
proposed correction remain in the equation chould hydrolysis of sulfamic acid
osour.

Ths results of the inter-laboretory evaluation of the mnalytical methods,
including pertinent comments end suggesticns were forwarded by reference (s).

A projevt conference wos held et BUSHIPS on 14 September 1961 to review

. the resulte of the inter~loboretory evaluation of the amalytical procedures

cantained in the proposed interim aﬁecifictticn for the "Boller Soale Removing

Compamd”, At that time, Wyandotte veported that the results obtainsd by the
3
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Labarutary end reported by meforeice (o) were in close sgreomant with tho

actual values of the prepared referee sample. In general, Wyendoite camsurred
withte Lebaretory's suggestions snd the proposed modificeticns of the specifice-
tion as contained in reference (5). Since the presonce of dicthrlthicurea
irhibitar in the formilation offered interference durlng tae potentiometric
titration for sulfamic ocid end required en emolricel coarrcotion ia the
calculation, axtraction and removal of the inhibitor from the aliquot portion
being enalyzed for sulfemic acid would eliminate he moed for an empiriesl factor
carrection end further simplify the tiirstion method. Wysndotte reported that
metkylone chiloride (dichloromethens) proved to bo en effective extrastant for
the DETU, thereby sliminating the noed for the correction and thus reducing

the potantiometric titration for sulfamate im to stoichicmotris relatioms. It
wes therefare decided to canduct a second imter-lsccratory evaluation of the
enalyticel methods in the interim specification. A scarefully blended new re-
feree sample CR-10594, canfcrming to the formuletion 3.17.1, was givea to the
Labcratary representative to canduct the additional wark. Results of these
snalytical studies were to be submitted to Wyandotte Ghemicels Carporation for
statistiocal stuly snd comparison with the data odtained during the first inter-
1sbarstary evaluation. Since the citrio acid cantent is not analyzed, but taken
by difference after subtracting the sulfemate end amamium bisulfate acidity
from the total ecidity, thus csusing all of the cumulative experimontal errors
to appear in the oitric acid results, it was also decided that the specificatiom
1imit for citric ecid be modified as dictated by the rosults fron the forthcoming

. ipter-isborstory method eveluation. It was elso agreed that a requirement for

a direct quantitative procedure ar at least a qualitative test for citric eold
would be desirable for inclusicm in the modified specifioation.
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Alter 1oceipt of the propoved modified interim aspeeiticaticva of /4 October
1961, containing the revised manlyticel rroceduren tased on ihe rarults of +he
imtec-leboratory svaluationo, the Laboratory repented the anal-i :21 work re-
ported by referenca (&) an the now referes descalent semple Cd--10594. The
rosults oy the senand inter-lehoratury methed cvaluatiion vore (omarded to
Wyaandette vwith the folliowing comuents:

Extrocticn ol the DETU with methylene chleride hus clmpliifed and de-
finitely ilwproved the mrthod for the potemtlcmoiric Litraticn for sulfamic acid.
Howsver, slipht interfercnce from DETU was noted, presuwrdly due to the incomplete
extrootion of the nhibitor. Thic was leter coalirmed by sldi”lomal tests wshere
samples of sulfamic acid with end without DITY mere emalyzed by thip proceduve,

Methylene chloride doas not interfere with the podium nitrite titratiom.

The titration for total acidity proceeded with easc. lo correction
for sxmonium bisulfeate was necessary.

Although visual cbservation of the sample indicated sows sogregatimm of
the DETU, the results for DETU catent, cbtained by two anelysts, were [airly
rerroducible.

Strict adherence to the cleaning procedure of the silica optical cells
13 necessary ‘o obiain meaningf{\]) spectrophotometric readings for DETU content,

The analytienl p cedures contained in the ncdified specification have
been simplified and improved considerably end should present no diff'iculty to
snalysts of other NHavy and commercial laboratories wsho may be required to eom-
duct these tests.

This informetion vas reported by reference (t). Other detnlils of the results
obtained during the inter-labaratory evaluaticns of the analytical procedures,
fad including Wymndotte's concurrence with the Leboratory's comments and propocod
changes to the revised specificetion, were reported periodically by referemce (u).
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8inae the oltriv asid comtent 1n the 3,17.) desevvant formalation 44
obtained by difference, with no acnflrmatosy tush Cor this reagent, it wes
deairable to find a suitable mrocodure for ‘the direst determinction of the
oltrio acid comtent, A method Lfor citric ecid, adapted from AQAC, Official
Meihods of Analyslis, 9th Edition (1560), where tho acid is comvarted to
rentabromoacetane, was suggasted by Wynndotte. Since thelr prelimfnary resvits
looked romising, it wos decirable that the Laboratory also participate in this
evalnation, Should thi:s procsdure provo valid, it would be incorporated into
the ncw speciilceiicn,

Results of preliminary Labaratory tests shcyed that extremely high end
erratic results for citric acid contont were obtasned usingthe pentebromossetons
precipitation method on the referece sanple CR-1059/,. It appeared that either
the citric acid segregcted in the formulaticn or chemical changes took plece
on storage. Further terts caaduoted by two mnalysts on freshly prepared symthetio
samples end an the referee samples CR-10572 end CR-10594, using the pantsbrotn-
scetone precipitation method, showed t.bat s8lightly lov values, although eccceptn-
ble, were obtained on the gynthetic samples. Slightly lower values were obtainasd
‘= ‘the refcree sample CR-105% end very low and unaccoptable citric acid valves
vere cbtained an the CR-10572 referee sccpls. }No explmatiom could be offered
for the high results obtained perviously and the low results obtained this time
\on the CR-1059 referee sample. Although ths cemples were properly quartered,
1t appesred that cithar the citric acid was segregated or chemical chsnges took

place upon storsge. It wis also of interest to note that, from telephme

commmications with Wysndotte, variations in the citric acid content were also
noted by their smalysts oven to a grestsr extent than those obtained at the
Laboretory. The Leboratory therefore recommended that more work should be done
to solve the citric acid ennlytical problem. This information wes reparted
periodically by reference (u).
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No further work wes conduwcied at the Laboratory om the lmprovement <f t7¢
analytical procedure for the detcimination of the citric ecid content in e
"Boiler Scale Removing Coapounc" buocauce thic problem wus raofer-cd to the
Mare Island Naval Shipyard Chemical Laboratory. In addition, since the
Loboratory indicated degredatiom of the coastituenis in the 3.17.1 formilation,
Mare Islsnd was requestcd to expose the gynthetically prepercd descalemt mi:tturcs
to prolonged storage at room temperature =nd st 122 F. Annlyses of these cuonlesn
would help to further explain the cerrestic results obtained for citric acild an?
any other phenomenn apparently due to decarpositlon of come of the comstitveats
present in this compound.

Qhor Relsted Work
The following other investigations end operations, related to chemical

cleaning of shipboard boilers, were conducted during this period:
Bolline Out of DLC- Test Bojler

The Bureau of Ships Technical Meorual, Chapter 51 procedure for bolling
out of shipboard boilers, vhen oil 1s present, was tried on a Laboratory boiler.
The procedure for oil removal consists of adding the required amounts of tri-
=odium phoorhate (TSP) and wetting agent directly to the stoam drum, t'illirg
the boiler with fresh water and applying steam to meintein & minimm pressure
of 50 poi for at least six hours. This was done at the Lsboratory to furnish
inforosticn as to the rete of TSP dissolutiom, the rete of distridution af the
dissolved TSP in the varicus boller ocircuits, time required to attain equnl
cocentration levels snd general cleening efficiency-. Results of this trisl
showed that the dry TSP digsolved readily end was fairly well distributed throuck-
cut the voiler cirocuits., Successful removal of jreservative {rom the dboller
woterpides wes alao accomplished, It was therefore recomrended that the ship-
boerd boiling out prceecure for the remnovel of oll, as degeribed in Buresu of
Ships Monual, Chapter 51, be emplayed. Thls Information wan reported by refcrance

(c). o
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Chemical Cleaning oi 0il Comtaminatad Boiler Wetorside Surfrces

During the Laboratory's {nvestigation of "Tolcreace of Codbatont Boilerws
to 01l Contaminated Feedwater”, NBTL Project D436, it was fovnd that the
Fletcher class boiler waterside surfsses werc coated with e hard, gloasy,
black asphaltic material whan 15ppm of Navy pgrude speclal fuel oil was fed
loto the boiler fcedwater for sbout 100 howrs of continuous operation. The
Laboratory was requested to comduct cleaning cveluations on "beled-on" ofil
deposits found in soreen row tube sections. Tae cleaning ngents tried were:
chlorinated hydrocarbons, trisodium phosphate, sodium metasilicaie, steam
cleening compound (Federal Spescification P-S-751), Navy stock degreaser
(Specification MIL-C-20207C) and commercially available household cleaners.
Treatments were conducted &t 212 F and at 30 psi in an autoclave, except that
the hydrocarbas were used at yoom temperature. Reosults of these evaluations
showed that the inorganic boiling out chemicals and the steam cleaning compound
were caxpletely ineffective in removing the "baked-on" 01l deposits. The Navy
stock degreaser was anly effective &s a cleaner vhen used at a 33% concentration
by volume. Out of the commercial cleancrs evaluasted, only "Lestoil" proved to

v effective when used at & 25% concentration by volume of water. Needless to
say, the chlorinated hydrocarbons removed the "olly" deposits in less than 15
minutes at room temperature.

Since the chlorinated hydrocarbons would present a potential hazard to
operating personnel due to toxicity end since full strength must be uzed at a
comparaetively hish coot, this clemming agzent zas not recommended for cleening
the Fletcher boiler. Also, "Lestoil" was much more costly than the Navy stock
degreaser. Since bath products were equally offective in removing the "baked-on"
o0il deposits from the tube surfaces and since both cleaners have shown to have
spproximately the same flash, fire and saxplosivity charactaristios, the Navy
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gtock degresser wos rescommended for the rumoval ot the aspheltic nuterlel froa
the wateroldes of the Fletchor boiler. It was also recomsended that a thorough
rinsing or the boiler should immediatoly follow the draining of tho cleaning
solution to avoid gelling of the nleaner, Saofety preseuticos normally used in
hemaling volatile solvents were to bo exercised. The details of these evelus-
vlons were reported by referemnce (n). The Fletcher boller wus later cleemed
with the Navy stock dogreaser to remove the asphaltic material from its waterside
sur{acen. This information was reported LWy reforense(u).
Chemioal Clegning of USS CONSTELLATION (CVA-04) Roilerg

The Leboretory furnished technical assistence to New York Navel Shipyard
in the chemical cleaning of the ship's bollers and suverheaters. Since the
superhester stainless steel seotians were to be acid cleaned, it was recomsended
that & 10% solation of DETU-inhibited sulfemic-citric scid formilation be em-
Played on the gemerating sides, economizers end superheaters because the systems
were to be oleaned as ope mit. For naximum boller prctecticn, particularly to
Crolay steels and the prevemticm of copper plating, the inhibitor concentretion
was incrensed to 1.0% in the 10f descalsnt formmlation. A detailed procedure,

Ploying the proposed 10% acid trestment, the mild soid (pil-2) rinse and the

nitrite~-phogphete peasivating rinsc, was prepsred and pressnted to private coo-
tractors who would bid oo the cleaning job., Beased on Laboratory test results
using inhibited sulfamic soid, no bottom blow disc corrosion was observed and
therefore it was recsommended thet the ship's bottom blow systems should not be
removed during the descaling operatica.

The opsration was performed by u private cantrastor under the supervision
of Laboretory representatives. The operation was accomplished in two forty-hour
periods, with four boilers cleemed during esch period., Inspection of the ballers
after cloaning revealed the following:
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The wateraides and stcamsidas of all Liollern were comnidored to be
genarally clean and well passivated,

Large quantities of loosened deposits, particulerly in the druas end
headers, wore noted in all boilern,

After-rusting was noted on gome bollers, prineipally neer the top of
the steam drums.

Some of the vertical superhaater clrouiis ware apparently never £illed
with the oleming solutions ag evidenced by the condition of adjacent tubes
where ons tube wap cleon and well pascivoted, wmhile a considerable amount of
rust (presumod to be the original deposit) was present «n the other tube.

The bottom blow valve discs and seats showed no advorse effects fron
exposure to alternats soaiing snd recirculetion of thu acid descalant.

- No pitting or other signs of corrosive attack were noted on handhole
and menhole plates exsmined at rendon,

Fran the unusually large smounts of loose scale, it was conoluded that
the boilers were heavily scaled and :n need of chemical cleaning.

Based an Laboratory recomendations, the boilers wers mschamically cleaned
md all loosened Ceposits removed, Frequent blowdown was also recomnended
during the {irst Lew deys of steeming to purge the boller water of any loose
deposits normelly presemt after chemlical ocleaning. This informstion was reporied

periodically by referemse (u).

Singe desuperhesters on new comstructions are composed of 168 Chrome «
1% Nickel, corrosion tegts were condusted to dutermine the behavior of the allay
when exposed to varicus sulfamic acid solutioms. Ressults of these tests showed
the {ollowing:
Very high corrosion values were chtained (0.0199 lbs./rt.2/hr,) when
new test specimens were exposed to the 208 solution by weight of the CR-7064-8
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descalant formuletior: in the edbsence of corrocive additives. These corrosian
values were sbout 20 times greater than those obtalnad on carbon steel snd
chrome-moly steel and abaut 200 tiswe gresier than the values obtained an 18-8
stainless gteel. The 105 farmuletian wes equally corrosive to this allay.

Far soms unexplainable ressan, the additiop of ferric suliste reduced
the corrosion loases of this steel to negligidble vaiuee, However, reducing
the ferric irom concentration, omiused extiemely bhigh carrocion. Additim of
waterside scals to thess solutions cauned wery high corrogion,

Addition of stall sscunts of RD-2508-" inhibitor (smme as used in the
CR=3909-C formulation) improved the corrusion protecticm.

Using the CR-7064-B formulation also casused evolution of hydrogen
sulfide gss, presumedly due to the treakdosn of the disthylthioures inhibitor.
Under these ocanditiane, the test spscimsns ware bedly chewed and pitted and
ware bayand recognition.

Although addition of ferric sulfate to the farmilation offers good
protection to the allqy, the edditive is ocorrosive to other steels. Also, the
use of RD-2503-P, although beneficial to this steel, mxy not be good for other
esl aysteas.

In gwmeral, the babavior of this allaqy when expor 'd to the varicus
sulfemic enid desceling conditioms is very much different from the bebavior of
ey other bollar steel tested to date,

Bazed ao the edove inforwatiun, it waz recommended that ‘be 16~1 desuperbeaters
b removed from e drums end DOt a0id cleaned. This iafar™mtion was repoited
periocdically Wy refereme {u).
L3, Jaxy Iraioing Film I -92200

The labarstory furnished loalnical essistence during the preparetion of the
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movie soript, art work end properation of chemlcal clesning fecilities on a
Laboratary 692 claos boiler and docknide ncor the USS XILD (DD-661) for the
shooting of the treining £ilm "Boilers and Their Operation - Chemical Cleaning
of Boiler Watersides". The procedurel steps in the clesning operation were
those used during the boiler dessaling trial of the USS TAUSSIG (DD~7,6) end
reported by referemce (p), except that procedures for remcving the bottom blow
oysten, washing down of the boller arxd alterncte circulation were included.
The ptep dealing with the removal of the bottow hlow system during ecid cleaning
will no langer be required, based cn Leboratory tests shoving theat no valve disc
and seat corrosion takes place when expoged tou sulf{emic acid treatment. The
details of the extent of techmical direction of the U. S, Yavy Training Film
Mi-92230 were reported periodlcally hy reference (u).
DISCUSSION

Based on the above Labaratory and full scale boiler chemical cleening triels,
the s30l11d dgscalent formulations CR-7064-B or 3.17.1, containing microfine silica
as an snti-caking ageni, can be used for chemical cleening of boilers when per-
formed by ships' persommel. Although these formulstions sre not quite as
effective in the removal of certain tenacious waterside deposits from tube
surfaces as inhlibited hydrochloric acid, they are considerebly superior to any
other solid descalsmts evaluated, These solid formlations meet shipboard necds,
i.e., thay are nm-toxic, easy emd safe to handle, cen be stored aboard ship,
and cen be mized and used by ships' perscnnel without the need for technical
supervision. Also, extemsive chemical mixing equipment is not required. The
use of inhibited hydrochloric acid does not meet these requirements,

These solid formilstions can also be used with safety on boller steels,
including stainless steel superheater sections, ewept for Crolay 16-1 desuper-
heater allay. Studies are continuing under a separate project to f£ind suitable
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inhibitors that worild offor maximm corrosion protection to this allqy vhen

exposed to sulfamic acid treatment. Based on Laboratory date, this alloy
also exhibits excessive metal corrosion when exposed to inhibited hydrochloric

acid. Needless to say, inhibited hydrochloric acid cannot be used on 18-8

stainless steel superheatera.

Although these solid descalant formulations showed no appreciable do~
gredation of the individual components when stored et 104 F end 754 R.K. for
several months, storage at 122 F for over two months at Mare Island Chemical
Leborstory indicated decomposition of the components with resultent evolution
of obnoxiocus sulfur dioxide gas. Although the latter storage conditions are
congidered somevhat unrealistic, further stu.ies ere being conducted under a
separsate project to determine the exteal of decomposition of the descalant
when stored at 122 F. The {inal selection of suitable analytical procedures
to b2 included in the specification for the precurement of the solid descalant
will depend on the cutcome of the snalyses of the individual constituemts in
the farmilation when stored under variocus canditions.

Other problems that are being studicd in coonection with solid descalants
are the use of inhibitors that can bdetter protect sgairst copper plating snd
offer maximmm corrceim protection to boiler steels when exposed to "spent"
descalant solutions and when lower concentrations of descalants are used.

The effect of lowering or increasing the DETU concentrations on corrosion snd

- copper plating protection will also be Investigeted under a separsie project.

OCONCLUSIONS

It is conoluded that:

The Wyandotte-designated solid descalent formulations CR-7064-B or 3,17.1
can be safely used during chemical cleening of boilers by shipa' non-teohnical
persamnel without the need of extensive cleaning equipment and without

technical supervision,
43
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Tuese descalants con be used with aoefety on 011 boiler steels except
Crolay 16-1 desuperheatsr allay.

Thesc s50iid descalante, although not quite as effective 3s hydrochloric
asid in the removal of certain waterside deposits, ares conaiderably better
than the CR=3909-C or CR-5923 Jdescalant formulations. When properly used,
they will remove most of deposits encountered In neval Lollers.

Suifamic scid does not attack bottom blow valve discs and seats cc that
removal of these systems is not required during chemical cleaning.

Further investigation is needed on the following problems:

Corrosion protection for Crolay 16-1 allny steel.

Storage stability of the formuletions et various temperatures.

Inprovement of the analyticel procedures for inclusion in the purchase
specification for the solid descalant.

Corrosion protection of steels when exposed to "spent" sulfamic ecid
solutions,

Preventiom of copp@r plating when "gpent" solutions or lower concentra-
tions of descalents are usad,

COMENDATIONS

It is recommended that:

The solid descalant formulation, consisting of 89% of orystalline sulfamic
acid, 5% of amhydrous citric aciq, 5% of dieihylthioures snd cantaintug up
to 0.3% of microfine silica ss sn anti-caking agent be selected for shipboard
chemical c¢leaning of boilers.

This formlation be used or stainless steel superhesters but not an
Crolay 16~1 desuperheater matal. These latter units should de removed snd
the flenges in ths drum protected from acid attaok.

A 108 solution by weight of the descelarnt be used for normal amoumts of
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boiler waterside deposiis nad 208 comcentretica b the Jeposite are un-
usually heavy.

BUSHIPS Instrucstioa 9510.22 of 5 February 1958 be revised to require
that the inhibited sulfamic-~oitric formlation be used for wadng up the

sireng descalant solution (10 or 207 by woight) amd the wil onid rinse

{pi-2) salution iratead of the inhibited sodium bisulfete - .itric scid
formletioa. The metal pessivetion siep sbodd rezsln as iz, The inTimue-
tim should also require the use of o cmall stain’ces stee) mixing teak
(nominal eapacity ~ 89 galims) similar to the ono egplored during the de-
scaling trial of USS TALSSIG (CD-746) boliers end also shown in the Navy
Training Pilm N-92230. ihe uiilizetion of xubdbor tenk asscubly should be
deleted. The instruction should also cantion egeinst wasiing dowa of the
ressiveted metel surfaces with water for the removal of looscned deposiiae,
otherwise aftererurt will take plrce. If tne boiler is to remaii opan eftar
a hydrostatic teat, the water used to ({1l the boiler shall cuntuin about
0.5 af sodium nitrite in ardar to reisin the passivaiing r'ila an the mete).
A requireamt ghould be included that {requsnt blowdown be used cduring the
{iret few days of steaming in order t0 remove the locsanced rine Jepcsits.
Further work be contimied in the :ollowing arcas:

Carroaion bdbahovior of Crolqy 16~1 oteal.

Carrosian proiestics for 16-1 rlmnges mxl nijples, not rexnvedle {rom
the drua,

~ovelogpment of imgproved analytical prvoedures for the constituents pre-
sent in descalsnt formuletion J.17.1.

Starege otadility of SR-7004-3 ead 2.17.:. descslent formlctions.

Cappor 71y iohibitian by diethiylithioures and other suylfur-

bearing compoumncs .
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Corrosion protection tH boiler wwtal when cxposed to "spent”
descaling solutions,

Any other corrosion problems essociated wiih shipboard chemical
clemning of boilers.
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